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INTRODUCTION

The data compiled in this report provides engineering information
needed in making evaluations of ammunition improvements., Represen-
tative Caliber . 50 and 20 mm projectiles data appear in the form of
computer generated plottings of trajectories for both air to ground and
ground to ground roles. Specific information covers time, velocity,
and altitude versus range, Projectile characteristics include muzzle
velocity, weight and shape with pPreformance interests centered on time
of flight, muzzle velocity and maximum range effectiveness. Air to
ground roles include fixed wing and helicopter launchings,

Seven 20 mm and six Caliber , 50 projectiles variations listed in
Table I comprised a cross section of nose shapes and weights for the
study. Aside from potential application to the air to ground and
ground to ground roles these projectiles studies have accumulated
quantities of experimental information needed for the study,

Table I
Projectile Studies
WE IGHT

PROJECTILE GRAINS NOSE SHAPE

20mm M56A3 1540 Blunt . M505 Fuze
20mm MS6A3 1950 Blunt - M505 Fuze
20mm M56A3 2100 Blunt . M505 Fuze
20mm PGU-3/B 1875 Secant Ogive . SAP]
20mm PGU-3/B 1900 Secant Ogive . SAPI
20mm PGU-3/B 2100 Secant Ogive - SAPI
20mm M53 1540 Blunt - M505 Fuze
Cal. .50 M8 662 Tangent Ogive

Cal. .50 M8 850 Tangent Ogive

Cal. .50 M8 1130 Tangent Ogive

Cal, .50 M2 662 Tangent Ogive

Cal. .50 M2 850 Tangent Ogive

Cal. .50 M2 1130 Tangent Ogive
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METHOD

TRAJE (computer program) is a point mass trajectory program
incorporating variation of air density with altitude by means of a sub-

routine, Atmospheric Computer Program, ATMS], (1). The basic
TRAJE model (2) is

T pdbf7 e
m o - py) AlV[V CD(V) ot
m = Projectile weight,

v = Velocity along trajectory, ft/sec

p(y) = Air density as a function of height,

A = Projectile cross section area,

g = Gravitational constant along trajectory

CD(V) = Drag coefficient as a function of velocity.

Inputs consists of projectile weight and cross sectional area, pro-
jectile muzzle velocity and drag curve, vehicle velocity and angle of
ascent or descent. Outputs include altitude, range, velocity, time of
flight and drag in machine plotted form. Output information is used to

compare trajectories, time of flight and velocity decay of various pro-
jectiles,

Figure 1 contains curves (3) of drag coefficient versus mach num-

ber for projectile items number 1,4,7,8, and 11, Appendix A contains

a listing of card types for the program data inputs, and the units for the

various parameters. The program is written in Fortran IV for use on
the IBM 360 or CDC 6500,
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RESULTS

A series of graphs (Appendex C) present the charted data generated
during the course of the study for altitude, time, and velocity versus
range for each of the projectiles investigated. These graphs present
various combinations of the same basic curves to provide comparisons
in graphic form. Tables II to V contain listings of these graphs. Table
Il covers graphs 1 through 27 for 20 mm projectiles launched in the air
to ground rgle at a constant aircraft velocity of 790 knots and a dive
angle of 30 from two different altitudes, 182.88 x 10 n.eters (6000 ft)
and 213.36 x 10 meters (7000 ft). The notations in the column headed
"drag Curve" refers to the M505A3 fuze or nose shape of the M56A3
projectile as M505 and to the nose shape of the 20 mm PGU-3/B pro-
jectile as SAPI. These terms also appear in the legend of the plots and
in Table I and are used to identify the drag curve used in the calculations.

Graphs 1 and 2 compare projectiles of two different weights having
the SAPI nose launch at two diferent altitudes. Graphs 3 and 4 com-
pare projectiles havirg the M505 nose shape, same weights, but
different muzzle velocities launched at two different altitudes. Graphs
5 and 6 provide the same comparison for projectiles having the SAPI
nose shape. Graphs 7 through 12 compare projectiles having M505 and
SAPI nose shapes at two weights and three velocity levels launched at
two altitudes. Graphs 13 through 16 present a comparison of the M505
and SAPI nose shapes at two launch altitudes by interchanging projectile
weights. Graphs 17 and 18 compare SAPI nose shapes at two launch
altitudes and projectile weights and three velocities. Graphs 19 and 20
cover the same comparison for the M505 nose shape. Graphs 21 and
22 compare a projectile having the standard M56A3 weight with M505
and SAPI projectiles having the same weights. Graphs 23 and 24 pre-
sent a comparison of five projectiles, SAPI and M505 projectile nose
shapes at two different weights and the standard M56A3., Graph 25 com-
pares the standard M56A3 weight projectile to two heavier M505 and
SAPI nose shape projectiles. Graph 26 compares equal weight and vel-
ocity M505 and SAPI projectile shapes with standard M56A3., Graph 27
includes the M53 API data for comparison with the M56A, M505 and
SAPI nose shaped and weight projectiles.

Table III contains a listing of Graphs 28 through 76 together with
identification of the conditions for the graph data. These conditions

5
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differed from those identified in Table 1I by varying altitude and air-
craft speed at lower levels and dive or descent angles. The range
selected relates to helicopter launchings. Four projectiles were con-
sidered: standard M53, one with M505 nose shape, and two SAPI nose
shaped projectiles differing in weight and velocity. Each graph con-
tains four sets of data, one set for each projectile. Table III groups
the graphs according to aircraft velocity: Graphs 28 through 37 are
for 0 forward velocity while Graphs 68 through 76 are for 200 knots
air speed with the other graphs, 38 to 67, grouped for velocities in
between.,

Table IV lists 24 graphs covering trajectory data forgo mm_pro-
jectiles in the ground to ground role at elevations in the 3 to 60 range.
Projectiles having M505 and SAPI nose shapes at two velocity levels are
compared at one weight level together with the standard M56A1 weight
projectile. Graphs 77 through 89 cover one velocity level and Graphs
90 through 100 another for the M505 and SAPI nose projectiles.

Table V contains a listing of the graphs presenting Caliber . 50 data.
The data involves two Caliber .50 type nosed projectiles, M2 and M8
launched at three different weights over an elevation angle range of 1
to 60°, Graphs 101 through 120 relate to the M2 data and Graphs 121
through 140 to the M8 data.
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Table II.

20MM Projectiles, Air to Ground Trajectories
Aircreft Velocity 790 Knots, Dive Angle 30°

uraph
Bumber

10

Altitude
It/Meters

6000/1828 .9

7000/2133.6

2000

6000

7000

6000

7000

6000

6000

7000

7000

6000

7000

6000

7000

6000

6000

6000

Drag Curve

BAPL
SAP1

SAPI

H303

K503
M08
BAPI
SAPI
SAPL
8API
M503
SAPI
8API
¥508
84PI
K505
K305
SAPL
M305

BAPI
BAPI

¥508
BAPL
M303
K503
sAPI

MS0%
M308
8AP1
8API
M30S
SAPI
SAPI
SAPI
8AP1
SAPI
SAPI

8API
M303

M503

Weight
graine

1950
1830
1930
1850
1950
1950
1930
19%0
1950
1950
1930
1930
1950
1950
1950
1950
1950
1950
1950
1950
2100

2100
2100

2100
2100
1950
1950
2100
1930
19%0
2100
1950
19%0
2100
1950
1950
2100
19%0
1950
2100
1950
1950

1950
1950

Kugele Velocity
—fpsfups

fpe

2950/899.16
3016/919.28
2930
5016
3030/929. 64
2950
2950
5050
3050
2930
2950
3050
2930
2y50
2950
2930
3030
5050
3050
3030
2850

2850
2830

28%0
2850
2930
3050
2850
3080
2950
2830
3050
2950
2850
2950
3050
2830
5030
2950
2850
3030
2930
2850
2930
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Table 1I. - continued

Greph Altitude Veight Mussle Velocity
Nuwber Pt /Metsrs Drag Curve Grains fps/mps
20 7000 M505 2100 28%0

M505 1950 3050
M505 1950 2950
21 7000 M505(M56) 1540 3350/1021,08
M505 2100 2850
SAPL 2100 2850
22 6000 M505(MS56) 1540 3350
M505 2100 2850
SAPI 2100 2850
23 7000 SAPI 1950 2950
M505 1950 2950
SAFL 2100 2850
n505 2100 2850
M505(M56) 1540 3350
26 600C M505(M56) 1540 3350
M505 2100 2850
SAPI 2100 2850
M505 1950 2950
SAPI 1950 2950
23 6000 M505(M56) 1540 3350
M505 2100 2850
SAP1 2100 2850
6000 M505 1950 3050
SAPI 1950 3080
26 7000 SAPIL 1950 3050
M505 1950 3050
i SAPI 2100 2850
M505 2100 2850
4 M505(M56) 1540 3380
21 6000 M505(M56) 1540 3350
API 2500 2650/807.72
SAPI 2100 2850
M505 1875 3016
SAPI 1875 3016

! *NCTE I: The MS505 Drag curve was obtsined from Ballistic Research
| Laboratory, Aberdeen, Md and SAPI drag curve was obtained from 20mm API

and SAPI Design Review Memorandum, Phsss I, Gctobsr 28, 1969, by AVCO Corporation

Ordnance Diviaion.
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TABLE III.

20MM PROJECTILES
AIR TO GROUND TRAJECTORIES

Drag Curve Weight Muzzle Velocity
used _grains fps/mps
M53 1540 3100/944.88
SAPI 2100 2L50/746. 36
SAPI 2500 2150/655. 32
M505 2100 2450/746. 36

! Graph Altitude Helicopter Descent

Number feet/meters Velocity knots/fps/mpe Angle
28 200/60.96 0.0 5*
29 1000/304.8 0.0 50
30 200 0.0 10
31 1000 0.0 10*
32 200 0.0 15¢
33 1000 0.0 15¢
34 200 0.0 30°
35 1000 0.0 30°
36 200 0.0 bse
37 1000 0.0 hse
38 200 50.0/84.45/57.58 5°
39 1000 50.0 5°
40 200 50.0 10°
41 1000 50.0 10°
42 200 50.0 15*
43 1000 50.0 13*
44 200 50.0 0
45 1000 5040 A0
46 200 50.0 bse
47 1000 50.0 hse
48 200 100.0/168.89/115.16 b 3d
49 1000 100.0 5*
S0 200 100.0 10°
51 1000 100.0 10*
52 200 100.0 15°
53 1000 100.0 15¢

9
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Gresph
Number
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
n
72
73
74
75
76

Altitude
feet /meters

200

1000

200

1000

200

1000

200

1000

1000
200

1000

1000
200
1000
200
1000

1000
200

1000
1000

TABLE III,

Helicopter

Velocity knots/fpg/mpe

100.

150.0/253.34/172.73

200.0/337.

10

100.

100

100,

150

150.
150,
150.
150.
150.

150.

150
150

200
200

200.

200,

2000
m.

0
0

0

0

0

0
0
0
0
0

0

.0

.0

79/230.31

.0

.0

0
0

continued
Descent
Anglc
30°
45°
45°
50
5o
10°
10°
15°
15°
30°
30°
45°
45°
5°
5°
10°
10°
15°
15°
30°

45°



TABLE 1V,
20 MM PORJECTILES

-GBQUND_'LQ_QRQHND_IRA.IEMESL

Graph Drag Weight Muzzle Velocity

Number Curve Grains fps/mps

77 - 88 MS505 (M56) 1540 3350/1021. 08
M505 1950 2950/899, 16
SAPI 1950 2950/899, 16

89 - 100 M505 (M56) 1540 3350/1021.08
M505 1950 3050/929. 64
SAPI 1950 3050/929, 64

* (o] (o]
ANGLES OF ELEVATION: 3°, 6°, 9°, 12°, 15°, 18°%, 21°, 24°, 27°

30°, 45°, 60°

TABLE V.
CALIBER ,50 PROJECTILES
GROUND TO GROUND TRAJECTORIES*

Graph Drag Weight Muzzle Velocity
Number Curve Grains fps/mps
101 - 120 M2 1033, 2488/758, 34
M2 850, 2910/886. 97
M2 662, 2600/792, 48
121 - 140 M8 662, 2910/886. 97
M8 850, 2600/792. 48
M8 1130, 2488/758, 34

* [¢)
ANGLES OF ELEVATION: 1°, 2°, 2.5°% 3° thru 16°, 30°, 45° 60

11
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CONCLUSIONS

This report covers a wide range of combinations of drag curve,
projectile weight, and muzzle velocities. These parameters in turn
effect the time of flight and maximum range of the performance of the
various projectiles, It is recommended that similar trajectories be
generated for an air to air role as well as other ammunition.

12
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APPENDIX A

TRAJE DATA INPUT AND FLOW CHART

—>{Fr]
r—i

CARD TYPE COLUMNS FORMAT SYMNOL
1 b= @ F7.4 P
8 - 14 F7.4 TEMP
2 1 - 24 6A4 SHAPE
3* 1 -6 ¥6.3 v (1)
7- 14 F8.5 cb(1)
4 IR F7.2 DW
5 L F7.2 Y(1)
6 1-10 F10.5 G
11 - 20 F10.5 A
21 - 30 F10.5 XM
31 - 40 F10.5 ANGO
41 - 50 Fl10.5 Vi
7 = 7 F7.4 W
8 1 -6 F6.2 VPLANE
FLOW CHART

IDENTIFICATION UNITS
pressiure cm hg
temperature ¥
projectile shape i
velocity ,
drag coefficient
velocity interval
lltiﬁudc meters
gravity m/sec
cross sectional area  inZ?
mass grains
angel of descent vadians
or ascent
muzzle velocity fps
wind velocity mps
aircraft velocity fps

Read card 8

IYﬂS'

Read tn cavd S5

Read in card 8

1f card 8 Eq.=10
Yes

[Return to start]

- no

kead
card 1-3
1f card 3 Eg.-10000}- ye8 ————> STOP
No
[Read card 4-7] A
¥ ¥

' 4

14

* Note: card type 3 is a set of cards containing the points of the drag
curve with the last card being -10.

— )
/Wlﬂllculmes tra_fo:cto:v]
1f card & Eq.-10])- no




APPENDIX B
B ~COMPUTER PROGRAM LISTING
| 3

PROGRAM TRAJE (INPUTOUTPUT 2 TAPE 1= INPUTTAPEI=OUTPUT s TAPE4)
REAL LOT

1 NDIMENSION SHaPE (6)
L ! DIENS TONANGA (200) +CO(200) + VELDA (200)
L COMMON Y(200)+T(200) 9V (200)+4CD(200) sKs1eX(200)
. COMMON VV (2001 +CC(200) o VPLANE
i COMMON 22(200)
£ FORMAT (6Aq)
4

FORMAT (20Ke 19+ MUZZLE VELOCITY 2 4 FS5.0e TH FT/SEC )
FORMAT ( 1H « 2A7)

FORAAT (2F5,2)
FOR“AT (2AS)
25 FOHMAT (IHLle 10Ks 70H aNGO (MILS)e D(LBRS/FT3)e PRES (IN)e TEMP (F)
A X (GRAINS) VI(FT/SEC) )
27 FORMAT( 251 AIND VELOCITY (M/SEC) = o F7ebs 12H PRESSURE = oF Tebro
2181 TEMPERATUSE(F) = o F7.4)
44 FORAAT(INOX 19H Y(METERS)y 9XollH X(METERS) s 13Xe IH T(SEC)s 6Xe 1}
PuH V(METERS/SEC)e 16Xy 4H CD o 9Xo 11H Z(METERS) )
45 FORVAT(IXe3F20.8)
4n FORMAT(IXelO0n ALTITUDE +10Xe 9H DENSITY o 1iXe 13H TEMPERATURE o7
2x;
88 tOWNUAAT( SF20.4)
56 FONMAT (SF16.8)
ST FOWYAT(I00Ke3F10.4)
SR FOR4AT(IX6F20,.8)
AN FORMATITIIHN DENSITY 2 oF 7469 BH TEMP = oF10.4010H HEIGHT = ¢F10.4)
H) FORMAT (1K1
AP FORMATISF104,9)
AG FORMAT( 15Ky 4E1S5.8)
75 FORMAT( 14H FURCE (NTS) =4F16.60 1SH YDOT (M/SEC) =4E1646s 16H VEL
2 (M/SEC) = +E16.6)
HO FORMAT (14N VEL(M/SEC) = o 14X o 7TH CD = 4 20X)
B) FOWSAT(IT44F15,8)
102 FOwyAT (15FS5,0)
107 FONAAT (1Mle AlAYL)
10k FORAAT(FT,2)
202 FORMAT(2F20 %)
2N3 FORYAT(FH2)
206 FORMAT(FE,IeFHS)
20R FORMAT (IFT ,4)
42R FORMAT (1BH PLANE VELOCITY =y F6.,0934M4 FT/ SEC AT AN ANGLE OF DESC
TENT OF o FHews 9H HADIANS,)
528 FORMAT(46k INPUT IS REL PROJ VEL IN FT/SEC.DRAG COEF KD.)
1000 FOWNAAT (3A])
1010 FORMAT( 11H WT OF PROJFL4eHe 11H NOSE SHAPEAS)
1011 FORMAT(L3W MUZZLE Velz o Ele.7y BH FT/SEC )
1012 FORAAT(IX9HA4)
10173 FORMAT(IXeEl4eBelY9H WT, OF PROJECTILE )
Coensnsonocs DATA 1nPYT SENRRNBENBRERRRRDRS
C 1 PRESSURESTEAPERATURE  (2F 744)
C ? SHARE (6A4)
Ctesnsany 3 VV I (FT/ZSEC)eCCLU) (KD) FOe3¢FB.5)
C “ OVV (INCREMENTS/VELOCITY) (F1.2)
5 Y)Y (AL T1TUDE) (FT7.2)
6 GIGRAVITY=METERS PER SECONDS SQUARED +A(CROSSSECTIONAL AREA)

¢ XM(MASS=GHAINS) s ANGO(ANGLE OF DESCENT OR ASCENT.v1(MUZZLE
7 WIND VELOCLITY (FT.4)

C
C
C
C
C B AIRCRAFT VELOCITY (F6.2)

C 9 ALTIUDE e+ FOR SAME AJRCRAFT VELOCITIES CAN WKUN AT VARIOUS ALTI-
C

C

C

c

C

ce~N>N

L B B

|
:

TUDESs TO CHANGE AIRCRAFT VELOCITY PUT =10. FOLLOW
WlTH ALTITUDE AND THEN AIRCRAFT VELOCITY wiLL RETURN
ASKING FOR ALTITUDE AGAIN e¢

10 =10. PLACED FOR LAST AJRCRAFT VELOCITYs =10. PLACED FOR LAST G
N=NUMHER OF TIME INTERVALS

15
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C DT=TiMt INCHREMENTS (5EC)

C VELDY=DECREASE IN VELOCLITY DUE TO ORAG/DRAG VEL IN Y DIRECTION (M/SEC)
C AVEAVERAGE OECELE“ATION (VEL) OUE TO DRAG (M/SEC)

Ceensasssncacse ATMS ] = FOOID

c ATMS] (YHALTITUDE(FEET) o TEMP (RANKINE) oPRES (SLUG/FTRe2,

C DENMSITY= SLUG/FTee})

C Az CROSS=SFCTIONAL AREA FOR 20MM (EITHER .SI5 OR PI%ReR)

C C=CONSTANT

C ANG= ANGLE OF TRALECTORY o YDOT= v VELOCITY +DX=CHANGE IR X OISTANCE
C X(1)=x ODISTANCE o AV = AVERAGE VELOCITY o Y(I)= Y DISTANCE

C VEL= FT/5¢EC 140 ORAG CURVE

C 7 IS WIND VELOCITY CFFECT ON PROJECTILE

(5o TCMPERATURE IN F

Cee PRESSURE CM OF MERCURY
Ceeon yx WINO VELOCITY IN METERS PER SECOND
Cee ]F VFLOCITY(FP-) ANO KU CURVE
Cee VYV (J)=VV(J)/3.72809
Cos 201 CCLJ)=CCLJ)*R,/3.14]59
Ce® [f INPUT VELOCITY(MACH) ANO CD CURVE
e SPSO=SOT ((459,67 ¢ TEMP)/S1B8,67)90340,.294
Ceoe YW J)=VV L)) eSPSO
Cee 201 CONTINUE
In=l
[0=3
? CONTINUE
HEAD(INe20R)P, TEMP
READ(1MeS) SHAPE
SPSOSSURT ((4%9.67 ¢ TEMP)/S18.67)2340.2%94
NO 201 J=1.200
REBD(INe204)VV (2) o CCLY)
IF(VV(J).LF.- 9.)6070228
IF(VV(J) eGF . 10000,)60TO40
YV (J) 2VV(J) eSPSN)
201 CONTINUE
P2H MzJ-1]
DV=VV ())
NesyV (1) /19,
Ke]
N020J=2¢N
Ov=0vV=10.
CALL INTERR(CCoCD(J) eDVeVVeK)
ViJ)=nv
20 CONTINUE
VL) =YV (D)
Cot1)=CC(])
WRIYE(1)e2%)
KKK=0
PO 1001 U=l
Wi v
CC(J)BCD(Q)
1001 CONTINUE
READ(INe106)DVYV
21 CONTINUE
KEAD (INe10A) Y(1)
IF(Y (1) elEs~=104)GOTOL7
GOTOLY
17 CONTINUE
READ (INel06) Y(1)
READ(INe203) vPLANE
IF(VPLANE JLE.~10.,)GUTOIS
1R CONTINUE
IF (KKK GF o 1)GOT024
19 REAO(INe6B)GoA s XMeANGOWV]
IF(GeLE.=]0,)G3T0R2
READ(IN206)w
WRITE(10e27)WePoTEMP
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2k
Ph

324
2R

31
32

2?1

224
22?2

WR1IIE(1041012)5nAPL

wRITE(10s1013) XM

vauyZz = Vi

XM = XM/T7000,

aNGO = ANGO & ,001

wR1TE(lIOe«IO0T1) V]

READ(1Ne2073) VPLANE

CONT INUE

WRITE (1Ueu273) VPLANE o+ ANGO

Vizvmipl

V]l =(Vl « VPLANE)/3.2808
CaLLGROUP (v 1 eVVeNel)

K=N=1+1

DO 324 J = len

Lsled=1l

coepsCCeL)

ViJrsvviL)

vELuy = O

Vi) = vl

T(l) = O,

x(1)1s0.,

ANG £ ANGD

klav(ll/zin,.

DV1=LVV/19,

10ov=0DV1

XK=z}

C2zleb6u®A/l44,/K

vid)l=0.

Dv=DVV

20120,

721120,

750,

021312271

ris=l-1

Kze IOV

KKsK=[V

YHz3,28leY(1=1)

1F(YHLE VI GUTO3I
CALLFOOID(YHoTEMP¢PRES¢DoVISsVELAO)
601032

Nz,00237

De32.,17392D

TEMPETEMP = 459,69

C=C’+D

VBARE(V (1) o VII=1))%,5

ANG [ =ANG

ANGEANG= 0005

1F (ANGoLTa=1.5160TD60

CONTINUE
D‘l?.”(l./(v(l)-Xl'UV)-l./(V(l)-(Xl-l.l'DV))/C/(CD([)OCD(I-I))
DT= O1 ¢ 2.7C/7(CD(1) o CD(1=111*ALOG(COS(ANG]1) /COS(ANG)) /VBAR
Avz.S®(CD(1)®(V(ll = XI®DVI®®2#SIN(ANG) Cot(l=-11®¢(v(l) =~
21=-1.01%DV) ®e2ueSIN( ANGI) I
T(L=T(l=1) « DT

VELOY= VDI ¢ C®AvV*Dl/2.

ANLZ s ANG

YDOT= =~VELDY =6G2T(1) « V(1)*SIN(ANGO) -~ C*AV*DT/2.
ANGZATAN(YDOT/Z(V(1)=X1%DV)/CDS(ANG))
1F (AHS (ANG2 = ANG) +LE. «001*ARS (ANG))GOTOR224
GD1V221

vDl= VELDY <+ C®AV®*DT/2,

CONTINUE

DXz 2.¢((V(I) =(X] = 1.1%0V)®COS(ANGL) = (V1) = X120V)*COS (ANG) ) /

2C/7((COCII (V1) = X1®DV)1 » (CO(1=-11%(V(1) = (X1=1.1%0V) )
X(1)=DX . X(1-1)

Y(DIEY(l=1) = 58(G(T(1) « T(l=121)1%0T = VELDY®*DT «DT®V(11®SIN(A

17




2NGD)
CuAk=z Co* (CO(1I®(V(1)=X1%DV) ¢+ CD(l=1)%(V(]1) - (X1=1.)%0DV))*2,25
2D de (ZD] = W)CEAP (=CBAR®*DT)
2= ¢ ¢+ wH#DT ¢ (lD] - W) /CRARS® (1,-EXP (=CBAR®*DT))
01=70
77(1122
ANGA (1) 3ANG
cnelr=C
VELDA{])=VELDY
1F(Y(1)1)1 11612412
12 IF(V(1)eLFo0,4)GOTO11
1IF(1e6r «200)60T7011
13 CONTINUE
11 wRITE(lDebb)
1=1-1
nnloJdzlel
WRITFE (10654} YO X)) o T (I eV (J) o CDII) 022 (D)
10 CONTINUE
KKK KKK ®)
GoTVe!l
L STOP
Enb
SQUHROUTINE FQO10 (HeTePoReVKsVSe 10PT)
C FNOlu wAS PREVIOUSLY ATMSI
DIMENS 10N nd(lé)-“l(ll)od?(ll)oUJ(ll)vla(ll)OPB(ll)cRB(ll)
DIMENSTON A(3)eB(3)eC(3)eD(3)
3sn FOkMAT(SlHOI12567537990105160170200700-225569-5256]2000]576890/
thNlJ&“bbll3&63000]20669-]59202-7592]8000206236251“585561206862899
260Hl70ﬂ26075“36136166803507156ﬁ32960222129976]37005186882]162170/
357“23769?3899H867273070623899880519797765508788000(515528306v
4261508788000121%1139468298188, /
36lh2|uﬁhll4929816821809626]6061881556222322386]8875781865256&188-
66ﬂﬂ5695~13332636]&3697596]l330“863567666902057622698819372910000/
734147595111 741662200259357872739661814)
351 FORMAT(Fle0e=3RP6F2.0+5F 3600 10PF 700 SPFTe0+s0PIFlels 9PF6.0¢/
10PF6.06¢ 4PF6.000P3F]1,00 SPF6,00 10PF7+0¢ SPFT.000P3F1.0¢ 9PF6.0
e« 10PF6.0¢ 4PFS5,000PF1,0¢ 10PF6,0s SPF6e0s0PF140s 11PF6,0s SPF6.0
0PFleO¢ 11PF6s00 SPF6.0¢0PF1.0¢ 11PF6eU SPF6G.090PF140¢3P2FT.0e/
RPFh.Oc392F6.OQ7PF4.0v39276-0989F6.0¢692F7.0010PF5-00
4P2FTe001 lPrﬁ-OvJPFG-OcISPFQ-Ov12PF5-09
3PF6.007FF5.00|2Pf4.0.3PF6.0oBPFS.OolJPF“-0939F7.0o99f4.00l5pF6.0
c3?F7-00lOPF5-0015PF“-093pF7.09lOPfS.Oo16PF4.0969F6{090977.00
6PF8.00l3?F6.002PF§-0.‘69F1.0vOPGFl-Ov/ﬁpzfﬁoOv'JPZFJ.00692F6.00
«4P2F2.0)
352 FOKMAT (1‘073.20]IF10-OQ/22(1X03520.10/)oFﬂ.“ofIO-UoFlOobcEZO.Bv
1 FH.Z-F]0.00/]!06(F5.2)/1X02Fl0.602FIO.09/1XvZFlO.boSloZFlO.O)
2001 FORMAT (1XeSHALTE +E9ebs12H BELOW LIMIT)
IF(1TAPE .EQe«) GO TO S
1TARE=S
REWIND 1TARE
wRITF (I TARE ¢350)
REWIND 1TAPE
READ (1TAPE«351) (HH(I)ol’lvl?)O(Ul(l)ouz(l)vUJ(l)ol’loll)o(TH(l)v
1 PH(I)QRB(I)vltlvll)oCUNlvCONZOCDNJQCONQvCONSvCONbo(A(l)OB(l)vC(l)
2 s0D(1)elz1e3)
5 CONTINUE
HGP=CONL @H/ (1 ,¢ (CONL2H/CUN2))
lF(HGPlLT.O.) HGP=0.
00 1002 ¥M=lell
1F (HGP=Hr (1)) 1003+100441002
10027 CDNTINUE
IF ((HGP=HH4(12)).6T+0.) GO TO 1052
mMz12
10073 MzM=]
1004 TMSTB(M) @ (] ,ew]l (M) *(HGP-HB(M)))
1F ((HGP=90000,)+0T+0.) GO TO 1006

ODNITN & W~
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T=Tm
60 TO 1070
1006 1F ((HGP=180000.) «6Te0o? GO TO 1009
1=2
G0 TO 1007
1006 1=3
1007 T=TMe(A(1)=B(1)*ATAN((HGP=C(1))/0D(1)))
1070 1F (w2(M))1011+1020+1011
1011 TEMP=] ooW] (M) @ (HGP=HB(M))
PzPR (M) /TEHP® 842 (M)
Rz=KB (M) /TEMPes (] o2 (M),
60 TO 1030
1020 TEMP=EXP (=w3(M)® (HGP=11H(M)))
PzPH (M) #TEMP
ReRK (M) #TEMP
1030 1F ((HOP=CON6) GT.0e) GO TO 1032
VSECON3I®*SQRT (TM)
VK=CONa® (Tee] S/ ((T*CONS) *R))
1IF(HLTe0e) GO 7O 1050
REITURN
1050 1F(1OPT.GT.0) WRITE (JOUTPT,.2001) H
RETURN
1062 T=0.
Pz0,
Rz,
1032 vs=0,
VK=,
RETURN
END
SUKMROUT INEINTERR(Z0ZZeTTeTeJ)
DIMENSIONT (200)¢2(200)
azj,
IF(T(]1) «GToT(2))AZ=],
3 IF(A®(TT=T(J)))1L2+¢1000113
112 22=2(J=1) ¢ L{ZUI) =Z(J=1) ) /Z7(T (I =T(J=1)))®(TT=T(J=1))
RETURMN
113 J=Jel
60 o 3
100 22=Z2(J)
RETURN
END
SUBROUT INEGROUP (VBAR eV eNeK)
DIMENS1ONV(200)
K=0
CLOSE=ABS(V(1)=VBAR)
DOS1=1lenN
CLOSE=AMIN] (CLOSE+ABS(V(1)=VBAR))
IFICLOSE«LE.1U4)GOTO6
S CONTINUE
6 IF(ABS(VBAR=V(I+1))LT.CLOSE)KEK+]
K=K+l
RF TURN
END
SUHROUT INEGROUP (VBAReVeNeK)
DIMENSIONV(200)
K=0
CLOSE=ABS (V(]1)=VBAR)
DOS1l=1eN
CLOSE=AMIN] (CLOSE + ABS(V (1) =VBAR))
IF(CLOSELE.10e)0G0TUG
& CONTINUE
6 1IF(ABS(VBAR=V(]Ie1))eLT.CLOSE)K=K?]
Kz=Ke]
RETURN
END
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APPENDIX C
Graphs 1 to 140: 20MM and Caliber 50 Trajectories
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